The electron binding energies for the weak dipole-bound anions HCN Ϫ and HNC Ϫ were found to be 13.2 and 35.7 cm
However, the value of the dipole moment alone is not sufficient to determine the value of the electron binding energy ͑D͒. First, occupied orbital exclusion effects, higher-thandipole multipoles, and electrostatic penetration effects need to be taken into account. This is accomplished at the Koopmans' theorem ͑KT͒ level of theory for the electron binding energy (D KT ), in which the charge distribution of the neutral molecule is approximated at the Hartree-Fock ͑HF͒ level. 5, 6 This approach neglects orbital relaxation and electron correlation effects. Orbital relaxation effects, which describe the effects of polarization of the neutral molecule by the excess electron as well as back-polarization, are reproduced when HF energies are obtained for the anion and the neutral and the electron binding energy (D HF ) is calculated as a difference thereof. The orbital relaxation effects have been found to be very small for weak dipole-bound anions. 7 On the other hand, electron correlation effects were found to provide a large part of electron binding energy. [7] [8] [9] [10] [11] [12] [13] [14] This contribution is frequently larger in magnitude than the D KT term. The electron correlation contribution to the excess electron binding energy in dipole-bound anions encompasses two effects.
14 First, there is a stabilizing dynamical correlation between the excess electron and the electrons of the neutral molecule, analogous to the dispersion interaction in van der Waals complexes. Second, electron correlation effects improve description of the charge distribution of the neutral relative to the HF description, which in turn modifies the magnitude of the static Coulomb interaction between the excess electron and the neutral. The relative contribution of electron correlation effects to D was found to be the largest for systems with small electron binding energies at the KT level, which leads to a large dynamic polarizability of the excess electron and therefore a large dispersion stabilization, and positive correlation corrections to the dipole moment of the neutral. 7 The dynamic correlation effects between the excess electron and the neutral molecule were neglected in model potentials designed to describe an excess electron interacting with clusters of polar molecules. [15] [16] [17] [18] Only recently, the first generation of one-electron model potentials was proposed that includes the dispersion interaction by means of a Drude model. 19 The electron binding energies obtained within this model were benchmarked against ab initio calculated electron binding energies. A discrepancy was reported for HNC Ϫ , for which the model potential provided an electron binding energy smaller by 12 cm Ϫ1 than the coupled cluster method with single, double, and non-iterative triple excitations ͓CCSD͑T͔͒. The discrepancy was assigned to the slow convergence of electron correlation methods rather than to deficiencies of the model potential.
HCN and HNC are undoubtedly two of the more challenging systems for describing the binding of an excess electron. 7, 9, 19, 20 HCN is challenging because of its very small ͑ca. 10 cm
Ϫ1
͒ electron binding energy and because of the near-cancellation between the stabilizing electron-molecule dispersion interaction and destabilizing correlation correction to the static Coulomb electron-molecule interaction. Indeed, the HF dipole moment of HCN of 3.29 D is reduced to 3.05 D upon inclusion of electron correlation effects 21 Here, we report the electron binding energies for HCN Ϫ and HNC Ϫ determined at the coupled cluster level of theory with the full iterative treatment of single, double, and triple excitations ͓CCSDT͔. 22 These calculations were performed using the ACES II program suite. 23 The new results are compared with earlier results obtained at the coupled cluster level with single, double, and noniterative triple excitations. 7, 20 We used the same basis set, i.e., aug-cc-pVTZ 24 supplemented with the diffuse sets of s ͑8͒, p ͑9͒, and d ͑4͒ functions, and the same geometries for HCN and HNC as those discussed in Refs. 7 and 20. The value of D for a method X (D X ) was calculated by subtracting the energies of the anion from those of the neutral
where E N X and E A X stand for the energies of the neutral and the anion, respectively. The CCSDT calculations on the anions were based on restricted open-shell Hartree-Fock orbitals. The core 1s orbitals were not correlated in the CCSDT calculations.
The main finding is that the iterative treatment of triple excitations does make a difference when calculating electron binding energies for weak dipole-bound anions. The values of D determined at the CCSD͑T͒ and CCSDT levels differ by 25% and 19% for HCN Ϫ and HNC Ϫ , respectively. ͑See 25 to demonstrate convergence with respect to the coupled cluster excitation level for this system.
The relatively slow convergence of the coupled cluster expansion is also reflected in the magnitude of the largest amplitudes from the CCSDT calculations, which amount to 0.50 and 0.07 for HNC Ϫ and HCN Ϫ , respectively. On the other hand, the largest amplitudes for the neutrals HNC and HCN do not exceed 0.02. The largest amplitudes in these anionic calculations are related to single excitations from an orbital occupied by the excess electron. The large values of the T1 amplitudes for HNC Ϫ may be related to the fact that the charge distribution of the excess electron becomes significantly contracted when the dipole moment of the neutral core increases upon inclusion of correlation effects. As we suggested earlier, 9 the physical interpretation of D would benefit if Bruckner orbitals 25 were used to construct the single determinantal wave function for the anion and the neutral. This approach would compensate for inaccuracies in the properties of neutral molecules inherited from the HF approximation; see model II in Ref. 19 .
The The role of iterative triple excitations for dipole-bound anions and solvated electrons with electron binding energies one order of magnitude larger than those of HCN Ϫ and HNC Ϫ is currently being investigated.
